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A=T7

GENERAL: References to articles on general propertiesiof 7 nuclei published since the
previous review 1988AJ0) are grouped into categories and listed, along with bristdptions
of each item, in the General Tables fdr = 7 located on our website aw(vw.tunl.duke.edu/
NuclData/GeneralTables/07.shtml

"H
(Not illustrated)

"H has not been observed. Attempts have been made to detadhi spontaneous fission
of 2°2Cf (1982AL33 and in the'Li(7—, =) reaction [seel984AJ0)]. A study of °Be(r~, 2p)
(1987G02% found no evidence fofH. See also the review 0f9890G18B and the’Li(w—, 7 )
investigation reported inLO89GR0§. The ground state is calculated to hale = %Jr and to be
unstable with respect to 1n, 2n, 3n and 4n emission. Excitgdssare predicted at 4.84, 5.00 and
6.96 MeV, withJ™ = 37, 5% "and 3™ [(0 + 1)hw model space] and at 3.88, 3.94 and 5.99 MeV
with J™ = 37, 2" and 1 [(0 + 2)hw model space](985PO1). See also references cited in
(1988AJ0).

"He
(Figs. 8 and 11)

GENERAL: References to articles on general propertiedHef published since the previous re-
view (1988AJ0) are grouped into categories and listed, along with briefcdptions of each
item, in the General Tables féHe located on our website atfvw.tunl.duke.edu/NuclData/ Gen-
eral_Tables/7he.shtml

Mass of'He: The atomic mass excessdle is26.11 £ 0.03 MeV: "He is then unbound with
respect to decay intdHe+n by 0.44 MeV: seel(984AJ0). The ground state is calculated to have
JT = %‘ and to be unstable with respect to decay fitée + n by about 1 MeV {985PO1). See
(1988AJ0).

"He excited-state calculationgn addition to the(0 + 1)/w and (0 + 2)hw model space cal-
culation of (L985PO1) cited in (L988AJ0), a number of calculations have been reported since
the previous evaluation. They include calculations: i & 2)/w model spacel(990WO10; in
a two-frequency shell mode2(Q01CO2}; in a large-basis shell model §98NA17; with Green’s
Function Monte-Carlo method4997PU03 2000WI09 2001PI107; and in a refined resonating
group model {997WUO0).

1. 'H(®He, djHe Qm = —0.36


http://www.tunl.duke.edu/nucldata/General_Tables/07.shtml
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Table 7.1: Energy levels dHe

E, (MeV) Jo T Fem Decay Reactions
g.s. ()3 150 + 20 keV ® n 1,2,3,4,5,6,7
2.924+0.09% | (27);22 1990+ 170 keV? n 1,5,6
(5.8+£0.3)2 4+ 1MeV? n 5,6

2 Newly adopted in this evaluation or revised from the presievaluation {988AJ0).

This reaction was studied &t(*He) = 50 MeV/A (1999K0O14 2000KO4§. Deuterons, neu-
trons, *He and®He were detected. Spectra indicate a levellite at £, = 2.9 + 0.3 MeV,
I' = 2.2 4+ 0.3 MeV which decays mainly into 3a *He, T’y 43, /Tt = 0.7 £ 0.2. Arguments
are given for a tentative assignmefit= (7).

2.7Li(7~, 7)He Qum = 128.37

Capturey-rays from the transition téHe, ; are reported byl(986PEO}

3.7Li(n, p)"He Qm = —10.42

The proton group corresponding tele,; has” < 0.2 MeV: see (979AJ0). At E, =
60 MeV broad bumps in the spectra are ascribed to statés at 20 £ 1 MeV [[' = 9 + 2 MeV]
and, possibly, atz 6 MeV (1983BR32 1984BR03 see for discussion of the GDR). See also

(1987HE24 and (1987BR32. Analyzing powers measured af E= 0.88 GeV are reported in
(1996BB23.

4.7Li(t, *He)'He Qum = —11.18

The3He particles leading to the ground stat€' e have been observeddt = 22 MeV. The
width of the ground state given ii988AJ0) is 160 + 30 keV; for a radius of 2.2 fm ang}, = 1,
this width is 0.22 of the Wigner limit. The angular distrifmrt is peaked in the forward direction.
No other states dfHe were observed faf, < 2.4 MeV: see (979AJ0).

5. (@)SLi(*C, *N)"He Qm = —14.36
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Figure 8: Energy levels ofHe. For notation see Fig. 5.
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(b) "Li("Li, "Bef'He Om = —12.06

(c) "Li(''B, 'C)"He OQm = —13.19
(d) “Be(Li, 3B)"He Qum = —23.60
(e)’Be(’Be, ''C)"'He Qm = —14.07
(f) °Be(*!B, *N)"He Qum = —11.44
(9) °Be(**C, *O)"He Qm = —7.01

(h) °Be(*°N, '"F)"He Qm = —16.61

Reaction (a) was investigated A(**C) = 24 MeV/A (1995B0O10 1995V0O05. The "He
ground state was populated strongly, but no excited states were observedLAt= 72 MeV and
at E("Li) = 70 MeV (reactions (b) and (d)) there is no evidence for excited statedwitt2 MeV
for £, < 10 MeV (1985AL1G 1985AL29 1985ALZM). The ground state ofHe is strongly
populated. Reactions (c), (e), (f) and (g) have been investigate(t &8) = 88, E(°Be) = 106.7
and E(**C) = 152.6 MeV. The ground state ofHe is populated. There is some evidence for
a second state in reaction (g) &t = 2.9 + 0.5, ' = 1.5 + 0.5 MeV (1988BE33. See also
(1979AJ0) and (L988BEYJ). At E(*?N) = 240 MeV, reaction (h) shows evidence for a level at
E,=324+02MeV,I'=15+0.2 MeV (1998BO1M 1998B0O381999B0O26.

A more recent experiment with incident energigg, = 240 MeV and 318.5 MeV is described
in (2001BO3Y. The width of the’'He ground state resonance was measured tolde:-0.02 MeV.
An excited state with, = 2.95 + 0.10 MeV, corresponding to a resonance enelijy= 3.39 +
0.10 and widthI'y = 1.9 + 0.2 MeV, was observed. There was no indication of a state,at
0.8 MeV reported by 2001MAQ05 [See reaction 7]. Evidence for a broad excited state,at
5.8 +£0.3 MeV withI" = 4 + 1 MeV was also obtained.

6. 1°B(r~, pdyHe Qm = 105.10

Stopped negative pion absorption B8 was studied with detection of protons and deuterons
(1998G030). The missing-mass spectra show evidence for a levél@with £, = 2.840.2 MeV,
[' =~ 2.0 MeV.

7. C(He,He+ n+ n)

The relative energy spectra of fragments from 227 Mé&¥He on a carbon target were mea-
sured R001MAO0H. The®He + n spectra show a structure which is interpreted as being due to

aJt = %_ resonance (théHe ground state) withby = 0.44 MeV, I' = 0.16 MeV with about

equal contribution from a™ = %_ resonance withbg = 1.2 £ 0.2 MeV, I' = 1.0 + 0.2 MeV
(Ex = 0.8+ 0.2 MeV).



TLi
(Figs. 9 and 11)

GENERAL: References to articles on general propertied_opublished since the previous re-
view (1988AJ0) are grouped into categories and listed, along with briefcdptions of each
item, in the General Tables foLi located on our website atvw.tunl.duke.edu/NuclData/ Gen-
eral_Tables/7li.shtm)l

= +3.256427(2) nm: see {989RA17Y.

@ = —40.6 £ 0.8 mb (1988DI1B. See (988DI1B for a review of earlier determinations,
particularly those of{984SU091984VEQ03 1984VE08§ 1985WEQ0$. See alsol989RA17.

B(E2): 27 — 17 =8.3+0.5 ¢* fm* (1985WE0§. See alsol984VEQ§, (1988TA1D) and
(1984AJ0).

Isotopic abundanced2.5 + 0.2% (1984DES3. See alsol987LA1J 1988LA1Q0.

The interaction nuclear radius 6Ei is 2.23 + 0.02 fm (1985TA19. [See also for derived
nuclear matter, charge and neutron matter r.m.s. radii.

1. 'H(®He, 7)"Li Qum = 9.9754

Gamma spectra were measured for 40 Mé¥Ae incident on a solid hydrogen targgd01SA37.
The "Li ground state and the 0.48 MeV first excited states were esxilved. Measurements of
momentum spectra of fragments as well as gamma-ray inyedsstributions are described in
(2001SA37. See alsoZ001SAZS.

2.3H(ar, v)"Li Qm = 2.4670

Excitation functions and angular distributions have betewlisd for £, = 0.5 to 2.0 MeV.
The cross section rises smoothly as expected for a direttireaprocess: sed 966LA04 and
(1987BU18 vy, 711). Measurements of the astrophysiSalactor, S(E), and the branching rati&
for direct capture to the 478 keV state compared to direducafo the ground state were reported
by (1987SC13 They deduceS(0) = 0.14 + 0.02 keV b, R = 0.32 + 0.01. More recently,
available data ofH + « scattering were analyzed993MO1) in the optical model framework to
predictS(0) = 0.10 keV b and branching rati® = 0.43. Measurements of the cross sections and
angular distributions in the energy range< £ < 1200 keV were reported byl@94BR2Y. They
determinedR ~ 0.45 at low energies in disagreement wittB87SC1% An extended two-cluster
model study forE. ,, < 5 MeV is described inZ000CS0§. Effects of inclusion of théLi + n
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Table 7.2: Energy levels 6t.i

E, Jo T T OF e Decay Reactions
(MeV + keV) (keV)
g.s. 8= 1 stable| 1, 2,3,5,6,7,11, 12, 13, 15,
16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 49, 50, 51,
52, 54, 55, 57
0.477612+0.003 | 17,4 | 7, = 105+ 3 fsec® v |1,5,6,7, 11,12, 16, 17, 18,
19, 20, 21, 22, 23, 26, 27, 30,
33, 34, 37, 38, 39, 40, 41, 42,
44, 45, 46, 47, 49, 50, 52, 54,
55, 57
4.652" 1 I' =69 keV" t,o |4,5,11,12,17,18,19, 20, 21,
22, 23,27, 39, 40, 42, 47,51
6.604" 2= 1 918" t,o | 4,12, 17,18, 19, 23, 40, 47,
55
7.454° 2= 1 80" nta |3, 4,809, 10, 12, 17, 18, 19,
20, 23, 37, 39, 40, 47
8.75" i1 4712° na |8,37
9.09" N 2752° n ta |48, 10
9.57" =1 437" nta |3,4,12,18, 20, 23,40
11.24 + 30 23 260 + 35 np |89 39
13.7 ~ 500 n |15
14.7¢ ~ 700 n |15

2 See Table 7.2 in1979AJ0), Table7.5here and reaction 40.

b Newly adopted in this evaluation. These level parameters wbtained with the extende@-matrix prescription
(see the Introduction) from an analysis®af(n, n), 5Li(n, t), “He(t, n), and'He(t, t) data, and are somewhat different
from the corresponding parameters B88AJ0). The uncertainties in the widths and positions of the sdcon
through fourth excited states above the ground state asdHas 5%. Uncertainties for the higher-lying states range
from 10 — 30%.

¢ See also reactions 8, 10, 15, 22 and 38 for possible addistatas.
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Figure 9: Energy levels dfLi. For notation see Fig. 5.



Table 7.3:7Li levels from3H + ‘He?

E.(MeV xkeV)| J* | I, | LSterm| R (fm) 62 b 0z, ¢
4.65 £ 20 %_ 3 2F7/2 4.0 0.57£0.04
6.64 + 100 g_ 3 2F5/2 4.0 1.36 £0.13 0.000 4 0.002
{ 6.79 £ 90 g_ 3 Fs5/2 4.4 0.52
7.47 £+ 30 g_ 3 4P5/2 4.0 0.011 £ 0.001 0.26 £ 0.02
9.67 + 100 %_ 3 4D7/2 4.0 0.53 +0.22 234+0.74

@ For references see Table 7.3 iiD{9AJ0).
b 221 R%I302.

¢ See reaction 3*H(o, n)SLi.

462 to°Li*(2.19).

channel on the zero-energy cross section and astrophsyitadtor as well as the quadrupole
moment are explored. A recent analysis h99¢9BU1(] estimated the uncertainties in Big Bang
nucleosynthesisLi yields. For astrophysical calculations related®td(«, v) see the General
Table forLi located on our website atfvw.tunl.duke.edu/NuclData/GenerEdbles/7li.shtml
See also references cited tBE8AJ0).

Thermonuclear reaction rates for this reaction calculét@t evaluated data are presented in
the compilation {999AN35.

3. 3H(a, n)PLi Qm = —4.7829 By, = 2.4670

The cross section for this reaction has been measurefl fot 11 to 18 MeV: the data show
the effect of Li*(7.46) and indicate a broad resonance nEar= 16.8 MeV ["Li*(9.6)]. The level
parameters derived from this reaction and from reactiore4dlaplayed in Tabl&.3. The yield of
SLiions at0° (lab) has also been measured foy = 11.310 to 11.930 MeV with 2—3% accuracy:
the data were then reduced to obtain the cm differentiabgsestions at° and180° for the inverse
reaction in the energy region corresponding to formation_of(7.46): see (979AJ0). See also
the compilation of {985CA4). A resonating group calculation ef(E') from threshold to 20
MeV is reported in {991FU03.

4.%H(a, a)*H B, = 2.4670

The excitation curves for the elastic scattering show tfexef of 'Li*(4.63, 6.68, 7.46, 9.67).
The derived level parameters are displayed in Tab8 Angular distributions have been stud-
ied for £, = 2.13 to 2.98 MeV andE; = 6.0 to 17 MeV [see {979AJ0] 1984AJ0)] and
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at £, = 56.3 to 95.5 MeV (L986YAL1M; also A,]. More recently, cross sections and angu-
lar distributions were measured At, = 27.2 MeV and described in an RGM method and in
the phenomenological optical model. A polarization extuem(A, = —1) occurs neaE;, =
11.1 MeV, § = 95°: see (984AJ0). For the breakup ofLi into o + t in various processes
see ((984AJ0) and (L984SH17 1987F008 1987P003® as well as the General Table foki
located on our website aivivw.tunl.duke.edu/NuclData/Genertdbles/7li.shtn)l For cross sec-
tions determined from shell-model arfétmatrix calculations seel@87KN04. Other calcula-
tions that have been reported include: phase shiftsEfpr< 300 MeV and “Li charge form
factor (1987R0O2%; scattering lengthsl@88CH47 1989CH33; phase-shift and transmission co-
efficients with RGM (991FUO032; phase-shift and astrophysicglfactors in a two-cluster model
(1995DU09 1997DU1Y; RGM phase shiftsi(995MA37); and phase shifts versusin a three-
body cluster modell(996SHO2.

For muon catalysis see references citedLi®88AJ0).

5. HefHe, 7*)7Li Qum = —137.1217

TLi*( 0 + 0.48, 4.63) have been populateda*He) = 266.5 and 280.5 MeV: seel@84AJ0).
See also1984GE051987KAQ09.

6. ‘He(, pyLi Qm = —17.3469

Angular distributions have been reportedigt= 39.9 to 140 MeV [see1979AJ011984AJ0)]
and at 61.5 to 158.2 MeV1Q82GL0) and 198.4 MeV {985W0O1) for the transitions téLi*(0,
0.48). Cross sections fdf, = 159.3, 279.6 and 619.8 MeV were measured BYGLME13J to en-
able calculation of the amount éifi produced in early-galaxy cosmic rays. See aBo01AUOQS.
See (1982GL01 1985W01) for a discussion ofLi production in the Big Bang. See al$Be in
(1988AJ0) and (L986KA26.

7. 6Li(n, ’}/)7L| Qm = 7.2499
Qo = 7251.02 4 0.09 keV (1985K047

The thermal capture cross section3is5 + 3.0 mb (1981MUZQ. Gamma rays are ob-
served corresponding to transitions’ta*(0, 0.48) with branching ratio$2 4- 2% and38 4 2%
(1985K047. "Li*(4.63, 6.68) are not populated 5%] (1985K047. See (979AJ0) for the
earlier work. The decay diLi*(7.46) — SLi, < + nin the interaction of 35 Me\4 '“N ions on
Ag is reported by 1987BL13.

A recent study discussed ihg§97NO02 analyzed reaction rates tfi(n, v) and other reactions
that bear on the possibility of observing primordiai.
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8. SLi(n, n)SLi E, = 7.2499

The real coherent scattering lengthié + 0.1 fm; the complex scattering lengths dre =
(0.67 +0.14) — i(0.08 4 0.01) fm, b_ = (4.67 £ 0.17) — i(0.62 % 0.02) fM; 0gee = 0.70 4 0.01 b
(1983K0O17. See alsol979GL12. (1983AL1E reporto, (below 10 keV)= 0.72 4+ 0.02 b. See
also (L981MUZQ. The total cross section has been measured fiQrae- 4 eV to 49.6 MeV [see
(1976GAYYV, 1984AJ0)], at 0.6 to 80 keV {982AL35 and at 0.08 to 3.0 MeVIO83KN1D.

A pronounced resonance occursiat = 244.5 + 1.0 keV [E, = 7459.5 £+ 1.0 keV] with a
peak cross section dfi.2 + 0.2 b (1982SMO032: see Tabl&’.4. No other clearly defined resonance
is observed tal, = 49.6 MeV although the total cross section exhibits a broad marinat
E, =~ 4.5 MeV: see (984AJ0). The analyzing power has been measuredApr= 1.48 to
5 MeV [see (984AJ0)] and 5 to 17 MeV (986PF1A. Multi-level, multi-channelR-matrix
analyses1987KN04 1983KNO0§ for F, < 8 MeV [using also data from other channels] include
13 normal and 14 non-normal parity states with < 17 MeV. [Only ten states have been seen
directly in reaction or compound nucleus cross-sectiorkyorwo positive-parity states provide
an explanation for the anisotropy of tfii(n, ) work at low energiesl(983KNO0§. For the results
of an earlierkR-matrix analysis seelQ84AJ0).

The excitation function for 3.56 MeY-rays exhibits an anomaly, also seen in the (n, p) reaction
(reaction 9). The data are well fitted assumifyg, = 3.50 and 4.60 MeV F, = 10.25+ 0.10 and
11.19 £ 0.05 MeV], T = 1 and3, s, = 1.40 £ 0.10 and0.27 £ 0.05 MeV, respectively; both

J™ = 37. However, (979AJ0) notes that arR-matrix study of'He(t, t),°Li(n, n), and®Li(n, «)
data leads to the identification 01355 state att/, = 9.85 MeV, I' = 1.2 MeV. See (979AJ0) for
a discussion of these and other unpublished data.

Differential cross sections foryrand n were measured df, = 6.8-9.8 MeV and used with
other data in an analysis to dedueg) for E, = 6—-14 MeV (1987SCO03. Elastic and inelastic
scattering cross section$) were measured fab, = 24 MeV (1987HA29 and analyzed, along
with existing proton scattering data to study neutron aratqer transition densities. Elastic and
inelastic scattering differential cross sections weresuesd att, = 11.5, 14.1 and 18.0 MeV
(1998CH33 and used to determine a phenomenological optical modehgiat. A measurement
of double-differential neutron emission cross sectiomsHp = 11.5 and 18.0 MeV was reported
by (1998IB02. Theoretical work includes: a calculation of coherent aradherent thermal cross
sections {990G0O2§; RGM calculations o7 (0) at £, = 18 MeV (1992KA06); calculation of
phase shifts and cross sections gy < 18 MeV using a potential descriptiord993DUQY9; a
study of antisymmetry contribution to the nucleon-nucleotentials {995C0O18; and a study of
the applicability of optical-model potentials for nucletata evaluationslO96CH33.

See also earlier references cited1988AJ0).

9. (a)SLi(n, 2n)y’Li Qm = —5.39 E, =7.25
(b) SLi(n, p)°He Qm = —2.7254
(c) Li(n, d)’He Qm = —2.272
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Table 7.4: Resonance parameters for 7.5-7.2 MeV
levels in“Li and "Be ®

Reaction 5Li +n Li +p
E. (keV, lab) 262P 1840¢
I'(E,) (keV, cm) 154 836
E, (keV above g.s. 7700 7580
I'yp(Ey) (keV, cm) 118 798
radius (n, p) in fm 3.94 4.08
v, (MeV - fm) ¢ 4.85 5.02
0, 0.26 0.28
. (E,) (keV, cm) 36 38
radius () in fm 4.39 4.39
42 (MeV - fm) d 0.101 0.101
02 0.012 0.012

@ These states are believed to ha\i‘é’gﬁ character, consistent
with their large#? and 2. See Table 7.4 in1979AJ0).
These parameters are from Table | @963MC09. See also
(1959GA03.

b 244.5 + 1.0 keV (1982SMO02.

¢ See also the measurements and analysi$IF3SKO0).

4 The authors of {1959GA08 1963MC09 use a definition of
3, and~? for which the units are MeVfm.

For reaction (a) seelP85CH37 1986CH24. The excitation function for reaction (b), mea-
sured from threshold t&,, = 8.9 MeV, exhibits an anomaly df,, = 4.6 MeV. The excitation func-
tion, at forward angles, ofjds approximately constant fdr,, = 4.4 to 7.25 MeV: seel979AJ0).
Measurements of particle spectra have been mafélg at 198 MeV (1987HE23, F, = 118 MeV
(1987P0O181988HA12 1998HA24. Studies of this reaction as a probe of Gamow-Teller stfeng
are reported in(988JA01 1988WA24 1992S002. Measurements df,, = 280 MeV were used
in a test of isospin symmetryt990MI10. Measurements df, = 0.88 GeV with polarized targets
are reported in996BB27). Theoretical studies of this reaction include: a dynamhtkester model
calculation forE, = 280 MeV (1991DA09; a calculation of phase shifts fdr, = 6.77 MeV
(1993DUQY9; a calculation with hyperspherical harmonié996DA3]); and with a three-body
cluster model fork, = 50 MeV (1997DA0J). See alsol997ER051997VA0H. The excitation
function, at forward angles, of deuterons (reaction (cgyeases monotonically fat, = 5.4 to
6.8 MeV: see 1979AJ01 1988AJ0). A multiconfiguration resonating-group method calcuati
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of o(0) for £, = 12 MeV is described in995FU1§.

10.5Li(n, a)*H Qum = 4.7829 B, = 7.2499

The thermal cross section940 + 4 b: see {981MUZQ. See alsol985SWO0J). A resonance
occurs atF, = 241 + 3 keV with o,,., = 3.3 b: see {984AJ01 1986CA2§. The resonance is
formed by p-waves)/™ = g_, and has a large neutron width and a smaWidth: see Tabl&.4.
Above the resonance the cross section decreases monditotaca,, = 18.2 MeV, except for a
small bump neal’, ~ 1.8 MeV and an inflection neak, = 3.5 MeV. For a description ofk-
matrix analyses which suggest the location of higher statéksi, see reaction 8 and.p84AJ0),
as well as {987KNO0J.

Angular distributions have been measured at many enengidseiranger,, = 0.1 to 14.1
MeV [see (979AJ0]1 1984AJ0)] as well as from 35 eV to 325 keVLP83KNO3 and 2.16 to
4.20, 7.1 and 13.7 MeV1P86BA32 1986BA69. Polarization measurements have been reported
for £, = 0.2 to 2.4 MeV.: the data suggest interference between s-wawketharp-wave resonance
at 0.25 MeV. Interference between trgié state and a broaél‘ state 2 MeV higher also appears
to contribute. At the higher energiek, is close to+0.9 near90° and varies slowly withz,: see
(1979AJ0). See alsol983VE1Q 1984VEZW).

Measurements with polarized thermal neutrons for studganity violation effects have been
reported in {990VE16 1994GL07 1996VEQ0J). Reaction rates foFF < 2 MeV were analyzed
(1997N0O02 in connection with the possibility of observing primordiai. Calculations of tritium
production in applications of this reaction are descrile@D93FA0).

For a study of coincidences in thei(n, ad)n reaction seel@86MI11). The triton production
cross section ab, = 14.92 MeV is 32 + 3 mb (1985G0O1§. The totala-production cross section
[which includes the (n, nd) process] & = 14.95 MeV is 512 + 26 mb (1986KNO§.

See also the references cited 1988AJ0).

11.5Li(p, 7*)7Li Qm = —133.1026

At E, = 600 MeV, the reaction preferentially excitéki*(4.63). Angular distributions have
been obtained for the pions thi*(0, 0.48, 4.63) atk, = 600 and 800 MeV/Li*(11.24) [T = 3]
is not observed: sedl984AJ0). Recentlys(#) and A, measurements were reportedfyf =
800 MeV (1987S01(. See alsoX985LE19. An analysis forE, = 201-800 MeV utilizing a
semi-phenomenological model is discussedli®O@BALOS.

12.°Li(d, p)’Li Qm = 5.0254
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Angular distributions of proton groups have been studiedp= 0.12 to 15 MeV and at 698
MeV: see (966L.A04 1974AJ011979AJ011984AJ0). J™ of "Li*(0.48) is %_. The two higher
states havé’, = 4630+9 and7464+10 keV,I'.,, = 93+ 8 and91 + 8 keV. The breakup reactions
involve 7Li*(4.63, 7.46) and possiblyLi*(9.6) [I" = 0.5 & 0.1 MeV]: see ((979AJ0). See also
8Be in (1988AJ0) and (L988KO1Q,.

The (d, p)/(d, n) yield ratio for low deuteron energids; (< 1 MeV) has been studied. Cal-
culations in (990K0O2§ concluded that Coulomb-induced predissociation of theeten should
influence the ratio by 10%. Measurements il@93CEO02 found no evidence of an enhanced ra-
tio for E.,, = 20—135 keV. The yield ratio was studied in experimentsl&y3Cz011997CZ0J.
This work explained the charge-symmetry violation in teoha subthreshold™ state if"Be. See
also the instrumentation-related measurementd @4YEQ9 and the thick-target gamma yield
measurements oRPQ0O0ELO§. Calculations involving conservation of channel spin @escribed
in (1996MA389. This reaction was also discussed b997NOO02 in connection with deduction of
the primordial’Li component. Calculations for energy balance in contobflesion are described
in (2000HASQ. See also the compilation of charged-particle-inducedtionuclear reaction rates
in (L999AN35.

13. 5Li(SLi, 5Li)"Li Qm = 1.86

See (987MI34 and®Li.

14.5Li("Li, "BefHe Qm = —4.3696

The reaction was studied by §99NA39 for E("Li) = 65 MeV/A to compare the Gamow-
Teller transition strengths to those deduced froatecay.

15. (a)7Li(y, nYLi Qu = —7.2499
(b) "Li(~y, 2npLi O = —12.64
(c) "Li(~, p)’He Qm = —9.9753
(d) "Li(~, pnyHe Qm = —11.747
(€)"Li(~, dfHe Qum = —9.522
(f) "Li(~, t)*He O = —2.4670

The total photoneutron cross section rises sharply from &¥ b reach a broad plateau at
about 15 mb from 14 to 20 MeV, decreases more slowly to abdutrh at 25 MeV and then
decreases further to about 0.3 mikEgt= 30 MeV (monoenergetic photons): there are indications
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of weak structure through the entire region: s@870AJ0), (1988DI0J and (L988AJ0). A
study by (986SI11§ reported evidence for the excitation Gfi*(7.46), as well as of states at
E, = 13.75 £ 0.03 and 14.65 + 0.03 MeV with I' ~ 500 and 700 keV [and integrated cross
sections of ~ 0.14 and 0.17 MeV- mb], in addition to a major broad structure at 17 MeV. The
integrated cross section to 23 MeV3$ + 4 MeV - mb for then, transition andl7 4+ 4 MeV - mb
for then,; transition: together these account for 0.4 of the exchangenanted dipole sum 6t.i:
see ((979AJ0). The integrated cross section for formatiorf bf(3.56) is 4 + 1 MeV - mb to 30
MeV and11 + 3 MeV - mb to 55 MeV: seel(984AJ0).

The total absorption cross section féfLi in the range 10 to 340 MeV shows a broad peak at
~ 30 MeV (omax & 3 mb), a minimum centered at 150 MeV at ~ 0.3 mb and a fairly smooth
increase in cross section to 3 mb at ~ 320 MeV: see (984AJ0).

The cross section for the/(p) reaction (reaction (c)) shows a maximumsatl5.6 MeV with
a width of ~ 4 MeV. It then decreases fairly smoothly to 27 MeV. The intéggdacross section
for 11 — 28 MeV is 13.2 4+ 2.0 MeV - mb: see {974AJ01 1979AJ01 1984AJ0). Differential
cross sections for they( ny + ny) and €, py) processes are reported OE3SEO07 1985SE17
E., = 4810 141 MeV). Photodisintegration cross sections in thetgisonant range were analyzed
by (1987VA0S. Analyses of photodisintegration data for reactions (&, o) at, < 50 MeV
(1990VA1H were used to deduce the role of cluster configuration. Readt) has been studied
in the giant resonance region with bremsstrahlung photBys, < 30 MeV. Deuteron groups to
He, ; and possibly to the first excited state are reported. Stafds with F, = 25-30 MeV may
be involved whert,.,, = 37 to 50 MeV is used: sed 79AJ0). At £, = 0.9 GeV, (1985RE1A
have studied— emission with the population 6£.i*(2.19).

The cross section for reaction (f) 8@° displays a broad resonanceft~ 7.7 MeV (I' =
7.2 MeV) with an integrated cross section®@2 MeV mb, a plateau fot2 — 22 MeV (at ~ 0.6
the cross section at 7.7 MeV) and a gradual decrease to 48 The\(y, t) cross section integrated
from threshold to 50 MeV is 8.1 MeV mb: se2984AJ0), and (L986V0O2(). More recently,
measurements of differential cross sections with linepdlarized photonsk, < 90 MeV) were
reported {995BU0§. Angular distributions at’, = 6.4, 6.7, 8.5, 9.0 MeV have been measured by
(1999L102. Theoretical studies on this reaction include: a micrpgcanalysis forE < 70 MeV
(1987BUO0J; an analysis in the giant resonance rantfé8(7\VVA09; a cluster structure study( <
50 MeV) (1990ZH19; and a calculation of photodisintegration observablesHo< 90 MeV
(1998K017. For earlier work, see references cited 1988AJ0).

16. "Li(~, v)"Li

See Table 7.4 inl966LA04) [summary of early measurements] for of "Li* (0.48) = 107£5
fsec. See alsdlP84AJ0), (1987BE1K and (L986DUO03J.

17. (a)"Li(e, e)'Li
(b) "Li(e, €nt)X
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(c) "Li(e, epfHe Qm = —9.9754
(d) "Li(e, enyLi Qm = —7.2499

The electric form factor measurements far = 100 to 600 MeV are well accounted for by
a simple harmonic-oscillator shell model with a quadrupmetribution described by an unde-
formed p-shellr, . = 2.39£0.03 fm, |Q| = 42+ 2.5 mb. From results obtained fdf, = 24.14
t0 97.19 MeVy, ... = 2.35+0.10 fm (model independent),29 +0.04 fm (shell model). A study
of the ratio of the electric charge scattering fréhi and from"Li as a function of (momentum
transfery yields (r2)4/?/(r2)}* = 1.001 + 0.008. The r.m.s. radius of the ground state magne-
tization density distribution(r2>11v{2 = 2.98 £ 0.05 fm. See {979AJ0) for references. More
recent theoretical studies include: a study b9q1BE4() which obtained vertex constants from
an analysis of form factors; a shell-model calculation ef¢abasis space and mesonic effects
(1992B0O30); a calculation of form factors including meson exchangaticbutions (992WA37;
and a study of shell-model structures of low lying stafie39(/ KA24).

Inelastic scattering studies show peaks correspondind.it§¢0.48, 4.63, 6.68, 7.46): see
(1974AJ0) and Table7.5. Form factors forLi*(0, 0.48) have recently been studied 8t = S0
to 680 MeV (1989LI09 1990LI21). Theoretical work includes: a calculation b}989TA3Y) of
cross section and reduced transition matrix elements fentad nuclei; a calculation for polar-
ized electron and polarized targefi©®P0LE14; a shell model calculation in 8 + 2)hw space
(1990W0O10; a study of spin modes f91AR23; a microscopic cluster calculatiofg91UNOY;
calculation of form factors including meson exchange dbatron (1992B0O30 1992WA37; and
a shell-model study of low lying state$997KA24). For reaction (b) energy and angular distribu-
tions were measured &k, = 203 MeV (1999SH2% to study spin-isospin flip giant resonances.

For reactions (c) and (d) a measurement of the momentunibdistm and study of clustering
effects was reported inLP89LA22. Calculations discussed i2@O0LAL17) were used to study
correlations in thé€Li ground-state wave function. See also the PWIA calcufafar polarized
electrons and targets 01993CA1). See alsoi988B0O0Y. For earlier work see the references
cited in (L988AJ0).

18. "Li(m, 7)"Li

Li*(0, 0.48, 4.63, 6.68, 7.46, 9.67) have been populatedis teaction. Angular distribu-
tions have been measurediat: = 49.7 MeV and £+ = 143 and 164.4 MeV: seel@84AJ0).
Total and partial cross sections have been obtainedzfarin the range85 — 315 MeV [see
(1984AJ0)] and atFE,.+ = 50 MeV (1983NA19. A measurement of inclusive analyzing power
at £, = 134, 164, 194 MeV was reported byl§94MEOQO). A cluster-model calculation of
guadrupole effects is described i904NO0§. Calculations of pion scattering fdr, = 100—
240 MeV are described ir2Q01LEO). Nuclear transition densities predicted by Quantum Mente
Carlo calculations were used. THd(7—, 7—p) reaction was studied at 0.7 Ge\dly (2000AB25.

For "Li(7*, 7—p), see {998PA3). For the *, 2p) reaction seeHe (1986RI0). For studies of
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Table 7.5: Levels ofLi from “Li(e, €) ?

E. (MeV) | J~T I, (ev) Type
0.48 141 (28+£16)x1077| C2
(6.304£0.31) x 1073 | M1
4.63+£0.05" | I7;1 c2c
6.6+01¢ | 27;1 C2
754008 |37;3 0.6+0.3 C2
0.9+04°

& For a summary ofB(E2]) measurements, see Table 7.6 in
(1966LA049 and the General Tables féti located on our website
at (www.tunl.duke.edu/NuclData/Genef&dbles/7he.shtpl  For
references sed §79AJ01 1984AJ0).

PBE2N)[Z — 2 =175 fm

¢ Purely longitudinal.

4 Do = 8751300 keV.

¢ From“Li(~, n). See also fit byl(980BA39.

(=, pd) and ¢*, pn) see {1986WHO02 and (1986YO06, respectively. Forr™ induced fission of
Li see (L983BA2§. See also references in the General Table'folocated on our website at
(www.tunl.duke.edu/NuclData/GenerEdbles/ 7li.shtml

19. (a)"Li(n, n)"Li
(b) "Li(n, nt)*He Qm = —2.4673

Angular distributions have been measuredvat= 0.5-3 MeV (1991AL09, £, = 1.5t0 18
MeV [see (979AJ01 1984AJ0)], E, = 5.4, 6.0, 14.2 MeV (985CH37 ng, 1, ns), £, = 6.82—
9.80 MeV (1987SC08ny. 1), 7 to 14 MeV (983DA22 ny), £, = 11, 13 MeV (1988CH0)9,

8.0 and 24.0 MeV 1988HA25 ny andn, at 24 MeV), £, = 9, 9.5, 10 MeV (995HU17

n;) and at 14.7 MeV 1984SHO01 ny,;). Double differential cross sections were measured at
E, = 11.5 and 18.0 MeV (998IB02J. Theoretical work includes: calculations of coherent and
incoherent scattering fat,, = 0.0728 eV (1987VE02 1990G02§; DWBA calculations ofr(6)

for inelastic excitation ofLi*(0, 478 MeV) (1992HUQY; multi-configuration RGM calculations,
E, =9.58-12.2 MeV (995FU1§; and studies of optical model potentials for nuclear datd-e
uation, £, < 200 MeV (1996CH33. Reaction (b) atF,, = 14.4 MeV proceeds primarily via
Li*(4.63) although some involvement 6£.i*(6.68) may also occur: sed 979AJ0). Cross sec-
tions have been measured by activation methods,at 14.7 MeV (1987ME1§ and 7.9-10.5
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MeV (1987QA0). See also the evaluation of tritium production cross sector £ < 17 MeV
(1990YUO02. See alsdLi and references cited il @88AJ0) and (L985CO18applications).

20. (a)"Li(p, p)"Li

(b) "Li(p, 2p)°He Qm = —9.9754
(c) "Li(p, pdy’He Qm = —9.522

(d) "Li(p, pn)°Li Qm = —7.2499
(e) "Li(p, pt)*He Qm = —2.4670
(f) "Li(p, pa)*H Qm = —2.4670
(9) "Li(p, a)'He Qm = 17.3468

Angular distributions of protons have been measuredfor= 1.0 to 185 MeV [see974AJ01
1984AJ0)] and atE, = 1.89 to 2.59 MeV (L986SA1P py). Inelastic proton groups have been
observed t6Li*(0.48, 4.63, 6.68, 7.46, 9.6): se&452AJ381974AJ0). Double differential cross
sections for the continuum are reportedtat = 65 MeV and 85 MeV (987TO06 1989TO04.
Measurements of differential cross sections and analygowers for p, p; and p for E, =
200 MeV were used to deduce radial transition density diffeesn@991GL0). Cross sections
for inelastic scattering to thé&li E, = 0.478 MeV level have been measured in application-
related experiments foE, = 2.2-3.8 MeV (988B0O37, 3.2-3.6 MeV (990B0O1Y, 2.5-3.5
MeV (1994MI121), 1.03 MeV (L994WI15, 0.7-3.2 MeV {995RI14. See also{999SA16.

For reaction (b) seelP84PA1B 1985PA1B 50-100 MeV) and 1985BE30 1985D016 1
GeV). See alséHe and (984AJ0). Cross section measurementsgt= 70 MeV were used to
distinguish contributions of 1p and 1s shell nucleons 1888PA26 1998SH33. Proton spectra
and polarization measurementsfgf = 1 GeV are reported by2000MI17). For reaction (c)
see (986WAL1]). For reaction (d) seelP85BE3() and®Li. Reaction (d) has been studied at
E, = 200 MeV (1986WA1)): the deuteron spectroscopic factor is close to unity aeddsults
indicate that the deuteron cluster momentum distribusarharacterized, at small momentum, by
a FWHM of 140 MeVE. For measurements at, = 70 MeV, see (998SH33}. Cross sections for
the (p, pt) reaction (reaction (e)) are very small but aresistant with a spectroscopic factor of
unity for t + *He in "Li (1986WA1J). For reaction (f) recent measurements of cross sectiams an
analyzing powers measured b, = 296 MeV were used to deduce alpha spectroscopic factor for
Li (1998Y009. See also{983G0061985PA1GC 1985PA0J. See alsGHe and (984AJ0).

See alsd’Be in (1988AJ0), and references to earlier work cited in988AJ0). For early
theoretical work on these reactions see references cit€®BBAJ0). More recent calculations
include: threshold effects in elastic scattering fogy = 1.35-3 MeV (1990GU232; differential
cross section calculated at high energies with a geometoidem(1990HUQ9; a potential de-
scription of "Li(p, p) with £, < 7 MeV (1992DU07; calculation with a microscopic effective
interaction (993K0O44; a folding model description fof/, = 25-50 MeV (L993PE1} a mi-
croscopic three-cluster model calculation faf, = 0.5-25 MeV,o(FE), S factors (994DEQY; a
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fully microscopic analysis fof, = 200 MeV (1997D0O0); an analysis o}, = 200 MeV data
studying shell model structures of low lyingi levels (1997KA24); a microscopic analysis of elas-
tic scattering atr, = 25, 30 and 40 MeV 2000DE6), E, = 65 MeV (1998D01§, and at 60—-70
MeV (1998FUZR, a resonance optical-model calculation fgy = 1-10 MeV 2000LA40; and

a Glauber-Sitenko diffraction theory calculation B = 0.16-1.04 GeV 000ZH5(). See also
(2000ZH53. Reaction rate uncertainties for reaction (g) were areyzy (L998FI0J.

21.7Li(d, d)'Li

Angular distributions have been reported for = 1.0 to 28 MeV [see {974AJ011979AJ0)]
and at 50 MeV {988K01Q. See alsdBe in (1988AJ0) and (1987GOZH for a breakup study.

22. (a)"Li(*He,*He) Li
(b) "Li(*He, pdjLi O = —5.4935

Angular distributions have been reportedZtHe) = 11 MeV to 44.0 MeV and afZ(*He) =
33.3 MeV: see (1974AJ01 1984AJ0). See also the compilation and analysis of differentiagsro
sections forE(*He) = 24 MeV (1995MI16. The missing mass spectrum in reaction (b) at
E(®*He) = 120 MeV indicates, in addition to the unresolved groupter(0, 0.48), a small peak at
E, =17.8+0.5 MeV, possibly some structure between 30 and 40 MeV, a peékait 0.5 MeV
(I' = 2—-3 MeV) and possibly some structure at higher enerdi€8%FR0). Measurements of
cross sections for yields of protons, deutercitée, *H and*He from 93 MeV3He on’Li are
reported by {994D0O332. For pion production sed 984BR23.

23. (a)'Li(a, a)'Li
(b) "Li(a, 20)°H O = —2.4673

Angular distributions (reaction (a)) have been reportedifp= 3.6 t0 29.4 MeV [seel974AJ01
1984AJ0)] and atE, = 35.3 MeV (1985DI0§ « to Li*(0, 0.48, 4.63, 6.68, 7.46, 9.67); col-
lective coupled channel analysis). See als®8(7/BU27. More recently, differential cross sec-
tions were measured &, = 50.5 MeV for inelastic scattering téLi*(0, 0.478, 4.63 MeV) by
(1996BU0G. Theq, t cluster spectroscopic factor extracted forthiground state is5,,; = 1.03=+
0.1. Measurements of target polarizationini(«, o') to E, = 4.63 MeV for £, = 27.2 MeV
were reported byl(991K0O4). See also coupled-channels calculations for these i8¢ DMO02).
Gamma emission yields far, = 0.7-3.2 MeV were measured for nuclear microprobe applica-
tions by (L995RI19.

Reaction (b) has been studied/at = 18 to 64.3 MeV [see 1974AJ01 1984AJ0)] and at
27.2 MeV (1985K029. "Li*(4.63) is strongly involved in the sequential decay, &s possibly

20



Li*(6.68, 7.46). Cross sections measured fr = 77—119 MeV were used to deduce triton mo-
mentum distributions fos -t states irfLi by (1992WAQ9. An analysis is reported il @96JA0).
See also references cited tBE8AJO0).

24. (a)7Li(°Li, SLi)"Li
(b) 7Li(Li, 7Li)"Li
(c) "Li( "L, Li)7Li

Elastic and inelastic’(i, E, = 0.476 MeV) differential cross sections for reaction (a) have
been reported for,, = 9-40 MeV (1998PO0} See alsdLi. The elastic angular distribution
(reaction (b)) has been studied fal("Li) = 4.0 to 6.5 MeV [see {974AJ0)] and 2.0 to 5.5
MeV (1983N0O0§. Elastic and inelastic’(i, £, = 0.476 MeV) cross sections fof, = 8-17
MeV were measured and analyzed with an optical mo#i@d8BA43 1997PO03 For reaction
(c) cross sections foE(''Li) = 300 MeV were calculated in connection with a study of nuclear
matter compressibilityl(998GR2).

25.7Li(°Be, *Be) Li

Elastic angular distributions have been measuretl(&ti) = 34 MeV [see (979AJ0)] and
at 78 MeV (1986GLZV, 1986GLZY also to’Li*(4.63)). For the interaction cross section at 790
MeV/A see (985TA1S.

26. (a)7Li('°B, 1°B)'Li
(b) "Li('B, 'B)"Li

For reaction (a) se&B in (1988AJ0). Angular distributions have been studied for reaction
(b) toLi*(0, 0.48) at E("Li) = 34 MeV (1987C0O071987C0O02. See also{987HNZ2).

27. (a)"Li('2C, 2C)Li
(b) TLi(*C, BC)'Li

Angular distributions (reaction (a)) involvind.i*(0, 0.48) have been studied at("Li) = 4.5
to 89 MeV [see {975AJ02 1979AJ0] 1984AJ0)] and atE("Li) = 53.8 MeV and E(*?C) =
92.3 MeV (1984V102 1986C0O02 also to’Li*(4.63)) and atE("Li) = 131.8 MeV (1988KA09
Li*( 0 + 0.48); and various states i#iC) as well as aF/("Li) = 21.1 MeV (1984MO06§ elastic).
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See als01986GLZU and'2C in (1985AJ01 1990AJ0). Breakup studies involvingLi*(4.63)
are reported at/("Li) = 70 MeV (1986DAZP, 1986YOZU) and 132 MeV {986SHZP. See also
the measurement &t(12C) = 58.4 MeV reported by {987PA1). The interaction cross section
on carbon at 790 Me\ has been measured byOB85TAL].

The elastic scattering in reaction (b) has been studied’oi) = 4.5 to 34 MeV [see*C in
(1985AJ0)] and by (1987C0021987C0O16 34 MeV; also to’Li*(0.48)). For earlier work, see
references cited inLO88AJ0).

28. (a)Li(*N, “N)7Li
(b) TLi( 5N, 5N)"L]

Elastic angular distributions (reaction (a)) are repogeH("Li) = 36 MeV [see ((981AJ0)]
and E(**N) = 150 MeV (1986GO1H while those for reaction (b) have been studiedvéiLi) =
28.8 MeV [see!’N in (1986AJ0])].

29.7Li(160, 6OY'Li

The elastic scattering has been studied frBiLi) = 9.0 to 20 and at 68 MeV [se&O in
(1986AJ09] as well as atF("Li) = 50 MeV (1984C020). For fusion cross sections and breakup
studies seel©84MA28 1986MA19 1986SC281988MAQ7). See also1982GU21 1988PR02.

30. "Li(2Ne, Ne) Li

Angular distributions have been studied#tLi) = 36, 68 and 89 MeV: se¥Ne in (1983AJ0).

31. (a)"Li(**Mg, **Mg)"Li
(b) "Li(**Mg, 2’Mg)'Li
(c) "Li(*Mg, 2Mg)"Li
(d) TLi(27Al, 2TAN L

The elastic scattering has been studied@Li) = 89 MeV and at 27 MeV (reaction (b)): see
(1984AJ0). A study of the breakup offAl is reported by {986NAZV) and the interaction cross
section at 790 Me\ has been measured bi985TALY. See alsol9880T0] 1988SA10).
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32. (a)7Li(%Si, 2SiY'Li
(b) "Li(*°Ca,*°Ca) Li
(c) "Li(*Ca,*®Ca) Li

Angular distributions involving Li*(0, 0.48) and various states 6fSi and“’Ca have been
studied att("Li) = 45 MeV. The elastic scattering diCa and'*Ca has been studied A("Li) =
28, 34 and 89 MeV [the latter also td@i*(0.48)]: see (L1984AJ0). Angular distributions (reaction
(b)) involving "Li*(0, 0.48) have also been reported &(’Li) = 34 MeV (1985SA25. See also
(1985G0111986SA10 1987SA1Q.

33.7Be(e)Li Qm = 0.8618

The decay proceeds to the ground and 0.48 MeV states. Thehingratio to’Li*(0.48) is
10.44 £+ 0.04%, and the adopted half-life i$3.22 + 0.06 d. Both transitions are superallowed:
log ft = 3.32 and 3.55 for the decays thi*(0, 0.48). See alsol979AJ0). The first excited state
hasEy [from E,] = 477.612 £ 0.002 keV: see {984AJ0). A recent investigation of the decay
utilized a high efficiency BeO calorimeter developed for irsa “Li solar neutrino experiment
(1998GA09. The decay rate of BeOHvas studied under pressures up to 441 kb@oQLI21) and
showed systematic dependences at the 1% level. A large elivatige decay rate féBe implanted
in Au and ALO; was observed byil@99RA13 indicating that the chemical environment affects the
"Be lifetime. A further decay study usinge in BeO, BeOH and Bé*(OH,), molecular forms
(1999HU20 found considerable variations(1.5%) in the lifetime. Less significant effects of the
chemical environment on the measured half-life have beeasuared by 1949SE201953KR16
1956B0O36 1970J021 1973HEZ2Y. The authors of Z000HU2() deduced a half-life value of
53.42 4+ 0.01 d for "Be in BeOH. A systematic discussion dBe half-lives is included in the
evaluation of R. Helmer (see Tablet). Helmer's evaluation produced a general-use value of the
half-life, 53.22 4+ 0.06 d, which is intended to be valid for Be and BeO samples andwatedor
various chemical forms. In spite of more precise measuréwénhe’Be lifetime that show these
environmental effects, we presently adopt this value.

In related threshold investigations, the polarizationtad tnternal bremsstrahlung has been
calculated {988MEQ§ as well as the effect of daughter atom ionizatid®44RE1$ and the
fractional electron probablitied998SC28 For earlier work, see references cited 1988AJ0).

34.7Be(n, pyLi Qn = 1.6441

Total cross sections have been measuref, at= 0.025-13.5 keV ((988KO03. The cross
sections obtained for tHd.i ground and first excited state8{ = 0.477 MeV) were38400 4800 b
and420 + 120 b, respectively. The astrophysical reaction r&te < ocv > was calculated. Uncer-
tainties in elemental abundances from primordial nucletisssis were deduced it{98F103.
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Table 7.6:"Be(e)"Li decay?

Branching ratio tgLi*(0.48) "Be Half-life
Branching ratio (%) References Half-life (days)| References
10720 (1938RU0) 53 + 2 (1940HI107)
10.7 £ 2.0 (1949WI113 52.93+0.22 | (1949SE2)
11.8+1.2 (1949TU0G 53.614+0.17 | (1953KR1§
12.34+0.6 (1951DI19) 53.0+0.4 | (1956BO36
10.35 + 0.08 (1969TAZX) 53.5+0.2 | (1957WR3}
10.47 4+ 0.20 (1970MUZV) 53.1+0.3 (1965EN0)
10.42 +0.18 (1973PO1D 53.52+0.10 | (1970J02)
10.35 + 0.08 (1974G0O2% 53.0+0.3 | (1974CRO%
10.10 £ 0.45 (1983BA15 53.174+0.02 | (1975LA19
10.61 4+ 0.23 (1983DA19 53.16 +£0.01 | (1982CHZH
10.6 +0.5 (1983D007J || 53.284 4+ 0.004 | (1982RUZ\)
109+1.1 (1983KN1Q 53.1240.07 | (1996JA10
10.7 4 0.2 (1983MA39
9.8+0.5 (1983N0OO03
11.4+0.7 (1984EV0)
10.61 £0.17 (1984FI10
10.49 + 0.07 (1984SK0)
10.44 4+ 0.04 weighted average 53.22 4+ 0.06 P adopted

@ Evaluated by R. Helmer in conjunction with the Decay EvahraProject (999BEZQ
1999BEZS. We are grateful to Dr. Helmer for providing this infornmatito us.
b Adopted by the evaluator from Limitation of Relative Statial Weight (LRSW)

(1985Z1ZY, 1992RA09 analysis.
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35.5Li(a, an)Li Qm = —2.0328

Cross sections(E) for £, = 2—7 MeV were measured b 998MIZY). See (999ZHZN for
a compilation and evaluation of cross section data.

36.Be(y, d)'Li Qm = —16.6958

Differential cross sections fdr,, = 21-39 MeV were measured b$999SHO0%. See (999ZHZN
for a compilation and evaluation of cross section data.

37.9Be(r—, 2n)'Li Qm = 119.8674

The capture of stopped pions has been studied in a kinertyatiomplete experimentiLi*(0,
0.48) are weakly populated. Two large peaks are attributelde excitation of Li*(7.46, 10.25).
The recoil momentum distributions corresponding to thessskp are rather similar and both indi-
cate a strond. = 0 component: seel@79AJ0).

38.9Be(n, tyLi Qm = —10.4387

An angular distribution is reported &t, = 14.6 MeV (1987ZA0% to,1). See also{979AJ0)
and'°Be in (1988AJ0). Cross section measurements have also been reportéy fer12.9-19.6
MeV (1988LI0Y and forE,, = 16—19.6 MeV with Hauser-Feshbach calculatioh840WO07.

39. (a)’Be(p,*He)Li Qm = —11.2021
(b) ?Be(p, pdyLi Qm = —16.6961

At E, = 43.7 MeV, angular distributions have been obtained for’tHe particles correspond-
ing to “Li*(0, 0.48, 4.63, 7.46). The 7.46-MeV state is strongly ite@ while the analog state in
"Be is not appreciably populated in thBe(p, tf Be reaction (see reaction 217iBe). The angular
distribution indicates that the transitiontbi*(7.46) involves bothZ = 0 and 2, with a somewhat
dominantZ = 0 character. The/™ = 27, T = 2 state is located af, = 11.28 + 0.04 MeV,
I' = 260 + 50 keV: see {979AJ0). Reaction (b) afZ, = 58 MeV involved "Li*(0, 0.48, 7.47)
(1985DE17. See alsol987KA25.
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40. (a)’Be(d, a)Li Qum = 7.1509
(b) °Be(d, tfHe'He Qm = 4.6836

Angular distributions have been measuredAr= 0.4 to 27.5 MeV [seel966LA04 1974AJ01
1979AJ0)] and atEy = 2.0 to 2.8 MeV (L984AN16 «p, o). A study at 11 MeV finds
e = 93 £ 25 and80 =+ 20 keV, respectively fofLi*(4.63, 7.46). No evidence is found for the
T = % state’Li*(11.25). Differential cross sections measuredzat= 67-75 MeV for excitation
of "Li*(0, 0.48, 4.63, 7.46) were used to deduce spectroscapjaitudes (989S570). Measure-
ments of vector analyzing powers fdri*(0, 0.48) were reported byl©94LY032 for E4 = 1.3-3.1
MeV. Measurements af,,, = 57-139 keV (997YA02 and E.,, = 30-130 keV (997YA0]
were used to deduce astrophysisafactors. Differential cross sections féf; = 90-290 keV
are reported in40010CZJ. AstrophysicalS factors were deduced. See ald®990CZ3.
The previous review1988AJ0) notes that in a kinematically complete study of reactionato
Eq = 26.3 MeV, "Li*(4.6, 6.5 + 7.5, 9.4) are strongly excited. No shanpdecaying states of
Li are observed with0 < E, < 25 MeV. Parameters fofLi*(9.7) are £, = 9.36 £ 0.05 MeV,
['=0.84+0.2 MeV: see (979AJ0). [E, = 6.754+0.20 MeV, I" = 0.87+0.20 MeV (1986PAZN)].

A study of inclusivea-spectra atyy = 50 MeV has been reported by $87KA17) who suggest
the involvement of dLi state atE, = 18 + 1 MeV, I' = 5 + 1 MeV. For reaction (b) see also
(1987VA29. See alsd!B in (1990AJ0) and (L988NE1A. In more recent studies of reaction
(b), differential cross sections have been measured,at 18 MeV (1988G002 1988GU2()
and E4 = 7 MeV (1988SZ0). See also the measurementsodfy) for Eq = 0.9-11.2 MeV
(1994AB29, A, (0) for E4 = 1.3-3.1 MeV (1994LY02, o(#) at E4 = 3—-11 MeV (1995AB4])
andEy = 8-50 MeV (1995GU23. AstrophysicalS factors were determined in measurements at
Ee, = 57-139 keV (997YA02 1997YA0S].

41. (a)°Be(Li, *BeYLi Qm = 5.5845
(b) °Be(Be, 'B)'Li Qum = —0.8805

Angular distributions involvingLi*(0, 0.48) have been reported A(°Li) = 32 MeV (1985C0O09
and£(°Be) = 14 MeV (1985JA09. Reaction cross sections have been calculate@®y1BH02)
for E(°Li) = 790 MeV/A.

42.°B(n, a)7Li Qum = 2.7891

Angular distributions oo, o; and of o, at the higher energies have been measured from
E, = 2 keV to 14.4 MeV: seel979AJ01 1984AJ0). 7,,(0.48) = 102 £ 5 fsec (L985KO47.
More recently measurements of the ground to excited-statesition ratioo(n, ag)/o(n, o)
for £, = 0.2-1.0 MeV were reported byl@91WE1). A relative measurement of thé€B(n,
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a~)"Li cross section has been made©93SC2) for £, = 0.2-4.0 MeV. A study of P-odd ef-
fects (in the mixing of opposite-parity levels) in this réan determined forward-backward asym-
metries for theay and a; groups(3.4 + 6.7) x 1077 and (—2.5 4+ 1.6) x 107" respectively
(1996VEO3. Earlier work was reported inLO86EROS 1994GL07. Measurement and analy-
sis of the Doppler-broadened gamma line shapes producédei(nta, ) reaction for the pur-
pose of boron concentration determination are describdd984SA72 1998MA6]). See also
(1997SA70. For early polarization studies (involving both n afiB) see (986K0O19 and!'B in
(1990AJ0). See also986CO1M applications). See also the more recent measurementsbnd c
culations of (999VEOJ and the measurement at thermal energie000GO03. A calculation

of o — correlation parameters and study of time-reversal inmagaelated features are described
in (2000GA43.

43.198(d, 5Li) "Li O = —1.12
Seeé’Li.
44.19B(q, "Be)Li Qm = —16.2015

Angular distributions involvingLi, s and’Be, ; and’Li*(0.48) + "Be*(0.43) have been stud-
ied atF, = 91.8 MeV (1985JA121986JA03. See also{988SH1Etheor.).

45.Be(3)'B* — Li + Q. = 1211

Delayeda-particles have been observed in tbie decay of'!Be: they are due to the decay of
11B*(9.88) [J™ = %Jr]. This state decays hy-emissions7.4 + 1.2% to the ground state 6t.i and
12.6 & 1.2% to"Li*(0.48) (1981AL03. See alsd'Be and!'B in (1985AJ0).

46.'B(*He, "BeY Li Qum = —T7.0780

Angular distributions involvindLi, . and’Be,, and’Li*(0.48) + "Be*(0.43) have been stud-
ied atE(*He) = 71.8 MeV (1986JA021986JA03. See also987KW01, 1987KW03.

47.'B(a, *Be)Li Qum = —8.7567
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Angular distributions have been measuredrgt = 27.2 to 29.0 MeV and at 65 MeV. At
E, = 65 and 72.5 MeV/Li*(0, 4.63) are very strongly populated whil&i*(0.48, 6.68, 7.46) are
weakly excited: seel©@79AJ011984AJ0).

48.12C(y, pa)Li Qm = —24.6216

Cross sections were measuredat= 27—47 MeV with bremsstrahlung photons H9E8KO77.

49.12C(d, "Be)Li Qum = —17.5415

Angular distributions involvingLi, . and’Be, , and’Li*(0.48) + "Be*(0.43) have been stud-
ied at Fq4 = 39.8 MeV [see (1979AJ0)] and at 78.0 MeV 1986JA03 1986JA1Y. See also
(1984NE1A and (1987KW01 1987KWO03.

More recently differential cross sectionsiat = 78 MeV were measured in a study of five-
nucleon transferl(996JA13.

50.12C(t, *Be) Li Qm = —4.8997

Angular distributions have been studiedat= 38 MeV to *Be, ;. andLi*(0, 0.48) (1986SIZ9.

51.12C(a, “B)'Li Qm = —24.8985

Angular distributions are reported &t, = 49.0 and 80.1 MeV {984GO03. See alsol984AJ0).
Differential cross sections were measured’at= 90 MeV by (1991GL03J.

52.12C(Li, 1'C)'Li Qm = —11.4719

Angular distributions have been obtainedr(fLi) = 36 MeV for the transitions tdLi*(0,
0.48): see1979AJ0). See alsol986GL1B. More recently differential cross sections and po-
larization observables were measured#iLi) = 50 MeV in a study of mirror states ifLi, "Be
(1997KEO0J.

53.12C("Li, "Be)'2B Qm = —14.2307
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The reaction was studied $99NA39 at E("Li) = 65 MeV/A, and Gamow-Teller transition
strengths were compared to those deduced fsarecay.

54.13C(d, *Be)'Li Qum = —3.5887

At E4 = 14.6 MeV angular distributions are reported for the transitiemsLi*(0, 0.48) and
®Be,s.: see ((979AJ0). See alsol984NE1A 1984SH1D).

55. 1N(n, 20)7Li Qm = —8.8228

At £, = 14.1 MeV, "Li*(0, 0.48) are approximately equally populated: s&879AJ0). Dif-
ferential cross sections have been measurefi,at- 14.4 and 18.2 MeV involving’Be, s and
TLi*( 0 + 0.48, 4.63) (L986TUO2.

56.110(n, y7Li)X

Gamma ray intensities and photo production cross secti@re weasured foF, = 4—
200 MeV by QO01NEO0Y.

57. (a)'7O(d, 2C)'Li Qu = —2.5807
(b) '*O(d, *C)'Li Qm = —5.6791
(©) YF(d, “N)TLi O = —6.1228

At Eq4 = 14.6 to 15.0 MeV, angular distributions have been measured ®ttridgnsitions to
12C, . + TLi*(0, 0.48) [reaction (a)],'*C, . + "Li*(0, 0.48) [reaction (b)] and*N, + "Li*(0,
0.48) [reaction (c)]: seel@79AJ0). See alsol984AJ0).

58. 2TAI("Li, ta)X

A Coulomb breakup experiment reported 001 TO0J used a 42 MeV Li beam incident
on target off“Al, *®Ni, 64Zn, 0Zr, 120Sn, *4Sm, 9Tm, 197 Au and?*®*Pb. The spectra of breakup
particles were studied and the astrophysitéactors,S(E) for *H(a, +)"Li, were deduced.
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59. "t Ag("Li, X)

Measurements of charged particle multipolarity, anguistridutions and rapidity distributions
were reported inJ001AB25. "Li cluster structure was deduced.

60. 2°5Pb('Li, "Li)2°5Pb

Elastic and inelastic cross sections and analyzing powers measured d("Li) = 27 MeV
to study the effect of electric dipole polarizability Gfi (1998MAG5.
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"Be
(Figs. 10 and 11)

GENERAL: References to articles on general propertiesBef published since the previous re-
view (1988AJ0) are grouped into categories and listed, along with briefcdptions of each
item, in the General Tables féBe located on our website atfvw.tunl.duke.edu/NuclData/ Gen-
eral_Tables/7be.shtml

The interaction nuclear radius 6Be is2.22 + 0.02 fm (1985TA19. [See also for derived
nuclear matter, charge and neutron matter r.m.s. radii].easurement of the magnetic moment
by (1998KAZN) gave a preliminary result; = —1.398 4+ 0.015 ux.

1. "Be()Li Qm = 0.8618

Thee-capture decay is complex: see reaction 33Lin

2.*He(He,y)'Be Qm = 1.5866

The capture cross sections have been measurdd,fer 0.250 to 5.80 MeV and afz(*He) =
19 to 26 MeV [see {974AJ0]1 1984AJ0)], at E., = 195 to 686 keV (988HI0H, and at
E, = 385 to 2728 keV (9840S03 and 1225 keV 1984AL24. One of the main reasons for
doing these measurements is to determine the astrophygi@pfactor. The values of(0) ap-
pear, on the average, to be higher if the experiment invalweasurement of the 0.48 Mey
following e-capture rather than if it involves a direct measurementefdapturey-rays. It is
not entirely clear why this should be so. Contaminant prtidnocof "Be may be involved: see
(1988HI09 and e.g. {984AL24 1985FI10 1986LA22. Earlier measurements, sometimes re-
calculated, are discussed HWOE6LA22 1987KALR 1988HI0§. The latter adopt best values of
S(0) = 0.51 4 0.02 keV b [prompty-rays] and).58 4 0.02 keV b ['Be activity] (1988HI0§. See
also (L984AL24 1985FI10 1987KALR 1988BA8H. More recently, {993MO1) measured dif-
ferential cross sections féHe—« scattering for,,,(*He) < 3 MeV and obtained optical potentials
which were used to calculat®(0) for the capture reaction. They obtaing{)) = 0.516 keV - b
in agreement with {988H10§. They also calculated the branching ratio for transitiorthe
first excited state and ground state to Be= 0.43. Theoretical calculations are in general
agreement with the experimental values. SE@8BAJO0) for examples from some of the early
work. Calculations of astrophysicélfactors for the capture reaction are includedlif§8BU17
1988KA07, 1989CH37 1989CH48 1989KA18 1995DU09 1995L107, 1997DU15 2001NOO0J.
Phase shifts and cross sections,( < 5 MeV) were calculated in an extended two-cluster model
by (2000CSO0%. AstrophysicalS factors were deduced. See also tfidactor calculation of
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Table 7.7: Energy levels 6Be

E, (MeV +keV) | J©; T Torle .. Decay Reactions
g.s. 25 | mpe=53224+0.06d* | ecapture| 1,2,4,5,9,10,11
13, 14, 15, 16, 17
21, 22, 24, 25, 26
27, 28, 29, 33, 34
0.42908+0.10 | 17,4 | 7, =192+ 25fsec v 2,4,5,9, 10, 14

16, 17, 21, 22, 23
24, 25, 26, 27, 28

29, 33, 34
457+£50 | 174 =175+ 7keV *He,a | 3,5,10, 14, 16,17,
21,22
6.73+100 | 373 1.2 MeV SHe,a |3,8,9,14,21
721+£60 |33 0.40 +0.05® p,°He,a | 3,6,8,9, 14,17
9.27+£100 | 1753 p,*He,a | 3
9.9 8=, 1 ~ 1.8 MeV p,He,a | 3,6
11.01+£30 | 3532 320+ 30keV | p,*He,a | 3,6, 14,21
17" 1= ~ 6.5 MeV SHe |3

2 Newly adopted in this evaluation or revised from the presievaluation {988AJ0).
b For possible states at highBr, see reactions 3 and 6.

(2001CS03. The reaction rate df' = 300 K was calculated in{989SC2}% See also the re-
lated work of (990SC161990SC2% The reaction rate and the effects of electron screening on
the solar neutrino flux has been calculated By00LI13. The reaction rate and a correction to the
Gamow penetration factor were calculated b944KA02. See also the calculations described in
(1998F102 1999BU1Q 1999SH132000BA09. As noted in {988AJ0), the solar model calcu-
lations of (L982BA80 usedSs,[S(0)] = 0.52 + 0.02 keV - b. It appears clear that the uncertainty
in S, is not of severe consequence to the solar neutrino problee ¢sg. {985F11D]. For other
early astrophysical-related work se®84AJ011988AJ0). See alsoX986LI104).

3. (a)*He(He,*He)'He E,, = 1.5866
(b) *“He(He, pfLi Qm = —4.0193

Elastic-scattering studies have been reporteddos 0.25 to 198.4 MeV [see 1974AJ01
1979AJ011984AJ0)] and atF,, = 56.31t0 95.5 MeV (L1985NE081986YA14. Analyzing power
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Table 7.8:"Be level parametersfrom *He + *He

E,(MeV £ keV) | J™ | 1, LS term 62 b 02
4.57 £ 50 13 Fr/2 0.70 +0.04
6.73 + 100 2713 2Fs/9 1.36 £ 0.13 | 0.000 = 0.002
7.21 460 5713 Ps /o 0.010 £0.001 |  0.26 4 0.02
9.27 4 100 13 D79 0.70 & 0.26 0.297099
10.0¢ 711 (*Py/2)
~10.0° - (*P1/2)
11.00£505 | 37| 1| (Psj2, 2Dy)o) 0.1340.02

@ See also Table 7.10966LA04. For references see Table 7.7 if®79AJ0).
b 422, R2I3h2. R = 4.0 fm.

€62, =1.840.5.

4T = 1.8 MeV.

¢ Broad.

fr=044+005MeV; T = 3.

g 9]2)2.

measurements have been carried out at 4.3 to 98 MeV [see {979AJ0)] and atE(*He) = 55
to 95 MeV (L986YA14.

For ! < 4, only f-wave phase shifts show resonance structuretfigHe) < 18 MeV, cor-
responding tdBe*(4.57, 6.73, 9.27): see Tabike8 No structure corresponding t@e*(7.21)
(J™ = g_) is seen in the elastic data. The s-wave phase shift is soateyvbater than hard-
sphere. The decay 6B8e*(9.27) (J™ = g_) to SLi, . requires f-shell configuration admixture.
An estimate of the yield of ground-state protons relativeéhiose corresponding td_i*(2.19)
yields v%(po) /72 (p1) = (16175,)% (1967SP1R A phase-shift analysis (single-lev&-matrix)
has been carried out fdf(*He) = 18 to 32 MeV: the p-wave phase shifts indicatééstate at
E, =~ 16.7 MeV (E, = 26.4 MeV), with ' = 6.5 MeV (1978LU05. An R-matrix andS-matrix
analysis {992ZU03 of elastic scattering ak,(cm) = 11 — 41 MeV on a polarizedHe target
gave evidence of broaugll+ andl—zl_ resonances. ThB-matrix center-of-mass resonance energies
and widths for the‘;r and+~ resonances arg,.; = 29.5 + 1.0 MeV, I' = 8.5 + 2.5 MeV and
Es =32.5+1.5MeV, " = 10.54+3.0 MeV, respectively (see Table9). See also the earlier anal-
ysis reported in19890S0%. Differential cross sections were measuredfigtHe) = 1 — 3 MeV
by (1993MO1). The data together with other available data were analyaatithe optical poten-
tials obtained were used to calculate astrophysicictors for the radiative capture reaction (see
reaction 1).

The differential cross section for reaction (b) has beeerdgihed forE(®*He) = 8 to 28 MeV
[see (979AJ0)] and atE, = 22.2 to 26.5 MeV. Resonances are observed corresponding to
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Figure 10: Energy levels dBe. For notation see Fig. 5.
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Table 7.9:"Be levels from’He(o, o)  for [ > 4

Fres (MeV) P I (MeV) Ey J"
29.5+ 1.0 85+£25 [3L1+10| 3"
325+1.5 1056430 | 3414+15| 47

& From R-matrix analysis 1992ZU03. See also the analysis of
(19890S0%h
b Center of mass energies.

Be*(7.21, 9.27) in thep, yield, to "Be*(9.27) in thep, yield and to states ab, ~ 10 MeV
(T = 1) and 11.0 MeV {" = 2) in the yield of 3.56 MeVy-rays. The evidence for the latter
derives mainly from interference arguments. There is atsnesevidence for an extremely broad
JT = %‘ structure at, > 10 MeV [see alsdLi(p, p): reaction 6]: see Tablé.8and (L974AJ01
1984AJ0). For o + 3He correlations seelP87P0O0% See also the General Table fde lo-
cated on our website aivivw.tunl.duke.edu/NuclData/Genertdbles/7be.shtjpl For elastic and
inelastic inclusive scattering cross sectiongpat= 7.0 GeV/c see (984SA39 1987BA13. See
also (19841WO0Z astrophys.).

References to early theoretical work tide + *He reactions are given iri988AJ0). More
recent theoretical studies include: an RGM study of the’He cluster configuratiorl@91FU03;
a potential description of cluster channel993DUO03; inversion of phase shifts ari8e bound-
state energies to obtain potentidl994COO0§; a calculation of Be charge form factord987R0O2%;
microscopic cluster theory ©87TA09; Glauber amplitude expansion calculatiorrdf) (1988CH16
1990LI111); a calculation of scattering lengths and astrophysidakctors (988CH471989CH34;
a study of potentials deduced from phase shif896MA37); and a multiconfiguration RGM cal-
culation of reaction cross sectiorf9@5FU16.

4.*He(o, n)'Be Qm = —18.9910

Angular distributions have been reportedigt= 61.5to 158.2 MeV (1982GL0J) and 198.4 MeV
(1985W01) for the transitions tdBe*(0 + 0.43). Cross section measurementszat= 160, 280,
620 MeV are reported iN2D0LMEL3. See alsoZ001AU0§. Thermonuclear reaction rates for
this reaction calculated from evaluated data are presemtbe compilation {999AN335.

5. 5Li(p, 7)"Be Qm = 5.6058

At low energies £, = 0.2 to 1.2 MeV) gamma transitions to the groung)(and to the
0.43 MeV ¢y;) states have been observed. The yield shows no resonantkeabicinching ratio
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remains approximately constantt 4+ 5% to the ground state artd 4 2% to "Be*(0.43): see
(1974AJ011984AJ0). Angular distributions ofy, andy; have been studied &, = 0.50, 0.80
and 1.00 MeV {987TI09. At E, = 44.4 MeV, "Li*(4.57) is strongly populated1©85HAQY.
See also19830S0¥, (1983HALR 1984BO1G 1985CA41 astrophys.) andlO85BL1B).

In other work,~y angular distributions ang-to-charged-particle ratios were measured for
E, = 40-180 keV and used to deduce astrophysicédctors (992CEO. See also the measure-
ments atF, = 30—180 keV of ((993BRZQ. Measurements of thick-target yields and analyzing
power versu® were made with 80 keV polarized beams and used to deducéveetap wave
contributions and astrophysicéal factors (996LA10. The slope of the astrophysicél factor
was deduced from measurementsgt= 80, 95 and 110 keVI999KEZY). See also the cross
section measurements &f, = 0.8 MeV of (2000SK032. A compilation and review of Coulomb
dissociation experiments of astrophysical significangeésented in}996RE1§. Reaction rates
for £, < 2 MeV were analyzed byl@97NO04. The primordiaPLi component was deduced. A
compilation of charged-patrticle induced thermonucleactien rates is presented ii999AN35.
Cross section measurementggt= 0.8 MeV are reported byA000SKO03.

6. (a)°Li(p, p)°Li E, = 5.6058
(b) SLi(p, 2p)°’He Qm = —4.497
(c) °Li(p, par)*H Qu = —1.4747

The previous reviewl(988AJ0) notes that measurements of elastic angular distribuhans
been reported foE, = 0.5 to 600 MeV: see 1966LA04 1974AJ0) and®Li. Two resonances
are reported ak/, = 1.84 and 5 MeV in the elastic yield Be*(7.21, 9.9)]. The parameters of the
lower resonance are shown in Tallgl. The 5-MeV resonance hds~ 1.8 MeV and appears
to also be formed by p-waveglg is then3 £+ 2 MeV fm. A weak rise neaiy, = 8 to 9 MeV
may indicate a further levefBe* ~ 13 MeV. A broad resonance df, = 14 MeV has also
been suggested. Polarization measurements have beerdaautifor £, = 1.2 to 800 MeV [see
(1974AJ011979AJ011984AJ0)] and atE,, = 4to 10 MeV (1986BE1H p,) and 25 and 35 MeV
(1982ROZT 1983P01B 1983P0OZX py, p1)- A phase-shift analysis faE, = 0.5 to 5.6 MeV
shows that only’S, *S and’P are involved. ThéP;,, amplitude resonates &, = 1.8 MeV,
and the broad resonance at 5 MeV can be reproduced equallipyveither*P; , or *P, »: tensor
polarization measurements are necessary to distinguiglebe the two: seel@74AJ0).

In more recent work, cross sections and analyzing powers measured &, = 1.6—10 MeV
(1989HA1Y, atE, = 200 MeV (1990GL04 and atE,, = 0.4—2.2 MeV (1995SK0). Parameters
for the E,(lab) = 1.8 MeV resonance were measured MPP5SKO0) (see Table7.10. The
depolarization parameter was measurefia&= 72 MeV (1994HE1).

The reaction cross section for formation @fi*(2.19) has been measured fdf, = 3.6
to 9.40 MeV: a broad resonance indicates the presence ofteawith £, ~ 10 MeV, I' =
1.8 MeV, J™ = (%, g)‘, T = % The cross-section and angular distributions o{4.i*(3.56))
for £, = 4.26 to 9.40 MeV are analyzed in terms of twf = %_ states att), ~ 10 and
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Table 7.10:Be level parameters frofiLi + p phase shift analysis®

Phase Shift E, ¢ (MeV) E, (MeV) ', (MeV) I' (MeV)
4P5/2 a 1.56 £0.1 724+0.1 0.19£0.05 | 0.40 +0.05
PP 3.68+0.31 | 9.29+0.31 | 0.47+0.33 | 1.93+0.96
Py P 4204+0.12 | 9814+0.12 |1.654+0.25 | 2.214+0.29
4P5/2 b 4.3940.17 | 10.004+0.17 | 0.42+0.14 | 1.68 4+ 0.58
4P3/2 b 6.76 £1.27 | 12.37+1.27 | 1.81 +=1.03 | 4.95 £ 3.23

2 From Table 1 of {995SK0).
b From Table 2 of {989HA189.
¢ Center of mass energies.

11 MeV: see reaction 3. The total cross section for formatibfLi*(3.56) decreases slowly
with energy forE, = 24.3 to 46.4 MeV. The total reaction cross section has been meddar
E, = 25.0 to 48 MeV (1985CA3§. K} spectra att, = 50, 65 and 80 MeVp = 3°-20°, are
reported by {987SA49. For the inclusive cross section &}, = 200 MeV [back angles] see
(1984AV07). See also the measurement of cross sections and analyaiveypfor excitation of
6Li*(2.18, 3.56) atE, = 200 MeV (1990GL0J. Theoretical work on this reaction published
since the previous reviewl988AJ0) includes: a folding-model calculation to deduce halo ef-
fects (L992GA27; self-consistent calculation with matter-cluster dymamodel (L992KA09; a
potential description study with a supermultiplet symmejproximation {993DUQ9; a descrip-
tion with a microscopic effective interactioh493K0O44; a consistent folding-model description
(1993PE1} a calculation for (p, p) and (p;ywith Glauber-Sitenko diffraction theory $947H28§
19947H39; an analysis with phenomenological microscopic optiaateptials (995GA29; a
consistent analysis of the analyzing power puzzB6KA03; a continuum-continuum coupling
analysis {995KA07); a fully-microscopic analysis df, = 200 MeV (1997D0O0); an RGM study
of a g_ resonancel9971G03; a study of shell-model structures observed in proton decten
scattering {997KA24); and a microscopic-model analysis B = 65 MeV (1998DO16.

For reaction (b) seeHe and’Li. For reaction (c) seéLi, and references cited i1 988AJ0).

7. 5Li(p, n)°Be Qm = —5.0700 By, = 5.6058

The yield of neutrons increases approximately monotolyiG@m threshold ta¥,, = 14.3 MeV:
see ((974AJ0). The transverse polarization transfény (0°), for the g.s. transition has been
measured forZ, = 30 to 160 MeV: see 1984TA07 1986TA1E and®Be. Analyzing-power
measurements are reportediat = 50 and 80 MeV (987SA49 and at 52.8 MeV 1988HE0§
[KY (0°) = —0.33 & 0.04; also KZ]. See also{986MCO09 E, = 800 MeV) and (L984BA1U
1986RA21 1986SA1Q. For more recent work see the discussion on this reactideniBe.
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8. SLi(p, a)*He Qum = 4.0193 E, = 5.6058

Thermonuclear reaction rates and the astrophysidaktor have been derived from the low-
energy ¢, < 0.7 MeV) cross section measurementS(0) ~ 3.1 MeV b: see {974AJ01
1979AJ011984AJ0). At higher energies the cross section exhibits a broad hh@ximum near
E, =1 MeV and a pronounced resonance:gt= 1.85 MeV (I' < 0.5 MeV). No other structure
is reported up taz, = 5.6 MeV. Measurements betweér), = 0.4 and 3.4 MeV show that the
polarizations are generally large and positive: S8 ¢AJ0).

Angular distributions have been reported fgy = 0.15 to 45 MeV [see {974AJ011979AJ01
1984AJ0)] and at47.8, 53.5, 58.5 and 62.5 MeMOB4NEO0Y. For other early work see references
cited in (1988AJ0). More recently, measurements of analyzing power vefsyfor £, = 180—
280 keV were reported byL091BU14. Tests of isotopic dependence of electron-screeningtsffe
on the astrophysica¥ factor were reported fof.,,, = 10-1004 keV (992ENO0] 1992ENO0J.
See also: an analysis 6kfactor data forE,,, = 10—-1000 keV (992SO2% a study of atomic
screening and other small effects in reaction ral®97BA99; a study of screening effects for
solid targets 1997B0O12; an optical-model formulation andl factor calculation forE = 10—
100 keV (L997KI102); a study of reaction rates and the primordiki component {997NOO0%;
and a study oR-matrix parameterization fat.,,, < 1 MeV (1998AN1§. Thermonuclear reaction
rates for this reaction calculated from evaluated datam@semted in the compilatioA999AN35.

9. SLi(d, n)’Be Qm = 3.3812

Angular distributions of the, andn; groups have been measured-at= 0.20 to 15.25 MeV:
see ((974AJ011979AJ0). The n—y correlations are isotropic, indicating = %_ for "Be*(0.43).
Broad maxima are observed in the ratio of low-energy to l@ghrgy neutrons aty = 4.2 and
5.1 MeV [Be*(6.5, 7.2) .., = 1.2 and 0.5 MeV, respectively]: se@{66LA04. See alsdBe in
(1988AJ0) and (988KO1Q.

Measurements d < 1 MeV and determination of the astrophysiéafactor as well as studies
of the (d, n)/(d, p) ratio are described it0O3CZ011997CZ04. Cross section measurements and
S-factor determinations aty = 24-111 keV are reported ir2Q01HO23. A calculation of the
(d, n)/(d, p) branching ratio and discussions of the rate @fl@nb-induced predissociation is
presented in}990K0O2§. Cross sections foE' < 1 MeV were calculated and reaction rates were
deduced by Z001VO03. Calculations of radiated power vs. plasma temperatuiirirolled
fusion are described iP99HAS(). See also(996B0O27 1997NO0J.

10.5Li(®He, dyBe Qm = 0.1123

Angular distributions of thé, andd; groups to'Be*(0, 0.43) have been measuredtHe) =
8,10, 14 and 18 MeV and dE(*He) = 33.3 MeV ["Be*(4.57) is also populated]: se2974AJ01
1984AJ0).
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11.5Li(SLi, SHe) Be Qm = 1.1091

See (987MI34 and®He.

12.5Li("Li, "BefHe Qm = —4.3696

The reaction was used b 498NA19 to separate\S = 0 and AS = 1 transitions through
coincidence measurements-efays from the’Be 0.43 MeV state.

13.7Li(7*, 7°)"Be Qm = 3.7318

Forward-angle differential cross sections have been medsuF,.+ = 20 MeV (19871R0}%
also at155° and166°), at 33.5, 41.1, 48.7 and 58.8 MeW¥985IR01 1985IR03, 70 to 180 MeV
[see (1984AJ0)] and from 300 to 550 MeV1988RO03J.

A Glauber-model analysis af() for £ = 250-650 MeV is described inl@900S0). Model
calculations of cross sections and polarization obseegadnle presented ing§99NO032.

14.7Li(p, n)’'Be Qm = —1.6442
Eipresn. = 1880.443 + 0.020 keV (1985WH1A

The excitation energy dBe*(0.43) is429.2040.10 keV, 7,,, = 192425 fsec: see{979AJ0).
Angular distributions ofy, andn; have been reported &i, = 1.9 to 119.8 MeV [seeX974AJ01
1979AJ01 1984AJ0)] and at 200, 300 and 400 Me\ML§87WAZT: ny,,). "Be*(4.55, 6.51, 7.19,
10.79) have also been populated: sE¥7@AJ011979AJ0). The ratios ofr, /o, ("Be*(0.43)/Be, )
have been measured at 24.8, 35 and 45 MeV and yield the ragroflip to non spin-flip strength
|Vor /V-|? (1980AU0)).

Cross section measurements related to neutron produetigets and detector efficiency cali-
brationinclude {987TE041988HE081989AMO03 1989BY02 1989GU131990BR241990DR10Q
1990TA1] 1992AMO03 1992DA2Q 1997TA03 1998KA2Q 1998MA49 1999BA73 1999NA02
1999NA15. Measurements or analyses of Gamow-Teller transiti@mgth are reported ii@87TAL3
1989RA09 1990RA08 1994SA43. See also X987HE22 19870R02. An analysis of neu-
tron spectra fork,, = 120, 160 MeV and deduction of Gamow-Teller matrix elements ae d
scribed in R001GO2%. A compilation of analyzing-power data is presented I9§7TA2).
For studies of quadrupole excitation sé894RA23 1994WA22 and (L995YA12. Application-
related measurements are described #87RA23 1988B0O331989CR051995R114 1996BB13
1996SH291996TA23 1997DE5S4 1997UWO01 1997ZH35 1999LE16 1999NA02 1999SA16
1999SH1®. See also the astrophysical-related analysisLBBOBUL(Q. See also the analysis
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(19981003 of 647 and 800 MeV data, and the study of the isovector pasptital potentials for
35 MeV (p, n) data1998J0ZW 2000JO1Y. For earlier work seel@88AJ0).

15. (a)"Li(d, 2n)'Be Qm = —3.8687
(b) "Li(t, 3n)"Be Qm = —10.1260

See (987AL1Q E(Li) = 65 MeV).

16.7Li(3He, tfBe Qm = —0.8804

Angular distributions of, andt; have been measured A(*He) = 3.0 to 4.0 MeV and at
E(®*He) = 33.3 MeV: see ((974AJ0]1 1984AJ0). The width of'Be*(4.57), .., = 175 £ 7 keV:
see ((974AJ0). See alsd’B in (1988AJ0).

17.7Li(SLi, SHe) Be Qm = —4.3696

This reaction has been studied/a’Li) = 14, 25 and 35 MeVA. "Be*(0, 0.43) are strongly
populated andBe*(4.57, 7.21) are also evident. At the highest energy taetion mecha-
nism is predominantly one-stepq486AN29 1987WI09. See alsdHe and references cited in
(1988AJ0). See also reaction 12.

18.7Li("Li, "Be)y' He Qum = —12.0641

See (998NA19.

19.%Be(y, ny'Be Qm = —18.8991

Neutron yields have been measured with backscatteredgasérns {999TOZ2).

20.°Be(n, 3njBe Qm = —20.5645

Cross sections were measurediat= 28—68 MeV (1998DU0§.
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21.9Be(p, tjBe Qm = —12.0827

Angular distributions of tritons have been measurell at= 43.7 and 46 MeV [seel979AJ0)]
and at 50 and 72 MeV1084ZA07 tg,1, t2). The 11-MeV state hag, = 11.01 + 0.04 MeV,
' =298 + 25 keV, J™ = %_; T = % [the J™; T assignments are based on the similarity of the

angular distribution to that in the (piHe) reaction td'Li*(11.13)]: see (979AJ0).

22.19B(p, o)"Be Qm = 1.1454

Angular distributions have been studied fof = 2.8 to 7.0 MeV [see {974AJ0)] and for 18
to 45 MeV (L986HA27 oy, a1, as; See for spectroscopic factord), of "Be*(0.43) = 428.89 +
0.13 keV (1979RI13. See alsd'C in (1985AJ0), (1983D0O07 and (L988KOZL; applied).

More recently several studies at astrophysical energige baen reported. They include
measurements af(¢) ando(E) at £, = 120-480 keV (991YO04 and atE,, = 37-120 keV
(1993KNZ2); measurements of electron screening correctiots gat= 17-134 keV and determi-
nation ofS(F) (1993ANO08; direct-model calculations of astrophysical reactidesdl 996 RA14;
and a calculation of small-effect corrections in fusionctemns (L997BA95. A calculation of Be
level population intensities dt, = 45 MeV is described in1992KWO0J). For application-related
measurements se€q90B0O151995RI114 1995SJ011999SA1H.

23.19B(d, "He) Be Qum = —1.8770
See’He.

24.19B(q, Li) 'Be Qm = —16.2015
See’Li.

25.1B(®He, "Li) "Be Qum = —7.0780

Spectroscopic amplitudes calculated with an intermediatgling model are reported ihg87KWO03.
See also the discussion undeét.

26.12C(p,5Li) "Be Qm = —22.5668
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Yields of fragments, observed in protons/; = 1 GeV incident on'?C, were measured
by (2000ANZX). A calculation of spectroscopic amplitudes in an interragzlcoupling model
analysis is reported in@87KWO03. See also the discussion undgr.

27.12C(d,"Li)"Be Qum = —17.5415

Differential cross sections were measuredzat= 78 MeV in a study of 5-nucleon simulta-
neous transferl®96JA13. Spectroscopic amplitudes were calculated in an intefabedoupling
model by (987KW03. See (995CH69 for a measurement 8fC(d, “Be)’Li, and se€ Li in this
review.

28.12C(*He,®Be) Be Qum = —5.7780

Angular distributions involvingBe*(0, 0.43) have been reportedat*He) = 25.5 to 70 MeV
[see (979AJ011984AJ0)] and atE(*He) = 33.4 MeV (1986CL1B alsoA,). See alsol986RA1H
and see discussions BIC(*He, "Be)’Be [reaction 44] undeiBe in (1988AJ0).

29.12C(a, “Be) Be Qm = —24.6922

At E, = 42 MeV, angular distributions have been measured involviBg*(0, 0.43) and
‘Be,s: see (974AJ0). Angular distributions have also been measuredzat= 49.0 and
80.1 MeV (1984G003. An angular distribution and DWBA analysis f&fC(a, "Be)’Be is re-
ported in (991GLO03J.

30.12C(Li, 2B)"Be QO = —14.2307

See (984BA53 1998NA14 1998NA14.

31. “N(p, "Be)X

Cross sections fofBe produced by protons and neutronszat= 10-10,000 MeV were ana-
lyzed @000NA349 and atmospheric production rates were deduced.

32.160(y, "Be)X
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"Be yields were measured with 250-1050 MeV bremsstrahluotppis on O, Al, Cr, Cl, CO
targets {998SH18§.

33.150(He, 1>C)'Be Om = —5.5753

Angular distributions have been reportedzZtHe) = 25.5 to 70 MeV to’Be*(0, 0.43) and to
various states of’C: see'?C in (1985AJ0). See alsol986BA89. A measurement aof (¢) for
150(He, "Be)'?C at E(*He) = 41 MeV is reported in {987RA37. See also the calculation for
E(*He) = 60 MeV in (1995MA57).

34.160(Li, 1°N)"Be Qn = —11.2822

Angular distributions have been studied/af’Li) = 50 MeV involving "Be*(0, 0.43) and
various states of'N (1984C02(01986CL03. See alsd®N in (1986AJ0% and (L1984BA53. A
compilation and analysis of data fal("Li) = 78 MeV is presented in1989GA26.

35.27Al(v, "Be)X

Target dependence &Be production by bremmstrahlung photois, (< 1200 MeV) incident
on27Al and several other targets were studied BYQOMA7H. See alsol998SH1$.

36.2*Mg(®*He,?°Ne)' Be Qm = —7.7297

See the calculations reported ib986RA1Y. Measurements af (¢) for 2*Mg(®*He, "Be) at
E(*He) = 41 MeV are reported in987RA37. Spectroscopic factors were deducedg8RA20.

37.58Ni(®B, p'Be)X

Cross sections have been calculatedd¢tB) = 25.8, 415 MeV (L999SH20).

38.1%45n(p,"Be)X
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Production cross sections féBe for protons withE, = 0.66, 1.0 and 8.1 GeV incident on
separated tin isotopes$?Sn, 1'8Sn, 12°Sn and!?*Sn were measured by an activation technique
(1998DAZ)).

39.7tPp(p,’Be)X

Production cross sections were measuredfpr= 65-2600 MeV 001GLO03.

40.2%PbEB, p'Be)X

Dissociation ofB in the Coulomb field of**Pb was measured ai(*B) = 51.9 MeV/A. Cross
sections for Be(p,~)®B were extracted1(998KI19.

41.22Th(y, "Be)X

Yields of "Be from photon-induce&?Th fission were measured b¥q98KAZL).

B
(Fig. 11)

The mass excess 6B adopted by1997AU09 is 27.870+0.070 MeV. It was obtained by aver-
aging the values af7.94 4 0.10 MeV from the'°B(*He, °*He)"B reaction (967MC14 1988AJ0)
and the valu@7.800 & 0.10 MeV obtained in théLi(x*, 7—)"B reaction (981SEZR. The width
of the ground state iE = 1.4+0.2 MeV: see ((967MC14 1988AJ0). "B is unbound with respect
toBe + p, °Li + 2p and*He + 3p by 2.21, 1.61 and 3.38 MeV, respectively.

The predicted mass excess f@rbased on the isobaric multiplet mass equation usin(ﬂhe%
level energies ifiHe, "Li and "Be is27.76 = 0.17 MeV (1967MC14. See also the early references
cited in (L988AJ01 1984AJ0]1 1979AJ01 1974AJ0). Recent cross section measurements for
Li(7*, 77)"B (1998PA4() were used to deduce information 6B proton halo features. Mea-
surements at, = 30—90 MeV reported byZ000DR19 were used to deduce energy-dependent
features. Theoretical studies relevant’® include work on the spherical properties of nuclei
(1995JA06 1997AB27); Skyrme Hartree-Fock model calculatiod®07BA59; Coulomb-energy
studies {997P0O1Y), and large-basis shell-model calculations of level eiesrgnd other properties
(1998NAL17.
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Table 7.11: Mirror states idd = 7 nuclei?

"Li Be
E.(MeV) | J™ | Ex (MeV) | J™ | AE, (MeV)P"

0 710 - —
0478 |17 | 0429 |1 —0.049
465 |1 | 457 |17 —0.08
660 |27 | 673 |27 +0.13
745 |57 721 |57 —0.24
875 |2 | 99 2 +1.15°¢
9.09 |3~

957 |17 | 927 |17 —0.3

a As taken from Table3.2and7.7.

b Defined ast, ("Be) — E,("Li).

¢ This difference may be unphysical since fhé level param-
eters were obtained from the “extendRematrix prescription”
(see the Introduction in this publication). The equivalent
information for”Be levels is not available.

Table 7.12: Isospin quadruplet componeffts= %) inA=7?

He Li "Be B
E,(MeV) | J* | Ex(MeV) | J°;T | Ex (MeV) | J™; T | Ex (MeV)
0 (37| 1124 |27;3| 1101 |37;3
2.9 (27)

a As taken from Tableg.1, 7.2and7.7.
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